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Abstract

An expanded plasma ion source is described
which generates high current negative ion beams
of hydrogen (~ lmA) and helium (~ 3 pA). Also
presented is preliminary data for a diode ion
source where useful currents of many ion species,
including O, Al", Cl7, Cu”, Bi", (UF, )", have
been obtained. A description of a negative ion
injector specifically designed for the injection of
high currents into tandem accelerators is out-
lined.

Introduction

The ion source of a tandem is external to the
accelerator's pressure vessel, and may be
situated at ground potentiall or at an elevated
voltage2 for operation in a d.c. or pulsed mode.
Negative ions may be formed by either the at-
tachment of electrons to fast primary positive
ions in gas or solid tar ets3, or by radiative and
dissociative processes™, before the ions have
been accelerated to high velocity. Although both
types of processes have been used for the pro-
duction of negative particles, the latter processes
appear to offer the greater promise for the pro-
duction of high currents”, Such sources are
commonly known as direct extraction sources.
Since certain negative ions such as He™ have only
been observed in collision attachment ion sources,
both types of sources are necessary for accel-
erator injection.

Matching of the Ion Beam to the Accelerator

A beam of particles will be transmitted with-
out loss through an accelerator provided

e < a

where € is the beam emittance from the source
and a is the beam acceptance of the accelerator,

For a typical tandem accelerator the accept-
ance measured at the object plane of the accel-
erator, varies between 0.04 and 0. 11 rdn. cm.

“Present address: Department of Physics, Uni-
versity College, London, England

depending upon the terminal potential. Experi-
ments with H™ beams of several hundred micro-
amperes intensity, described by Brooks et alé,
showed that at these current levels source emit-
tances less than 0.04 rdn. cm. can be obtained,
and that this emittance is primarily due to the
positive ion beam.

The Expanded Plasma Ion Source

As a first step in the production of high inten-
sity negative ion beams (~ 1 mA) it was necessary
to develop an ion source with a positive ion cur-
rent output exceeding 100 mA having a low emit-
tance. The emittance of an ion beam depends
directly upon the temperature of the emitting
plasma and the radius from which the beam is ex-
tracted!. For these reasons it was necessary to
establish an optimum size for the plasma surface
from which the ions are extracted, as an increase
in this radius tends to reduce the temperature of
the plasma.

The space charge limited current I, 8 extracted
from a plasma boundary of area A, with an ex-
traction gap d, and extraction potential V, is given

by
I = (A, d (i)”2 vz

(1
For any particular extraction system employed
it has been shown that f (A, d) is a dimensionless
geometric quantity with the property

fa, 0 = 1y, D) 2)

To change the beam diameter for a given beam
current, the extraction configuration may, there-
fore, be scaled linearly. The beam divergence
under space charge limited conditions, is unaf-
fected by the changes in the linear dimensions of
the beam.

Experimental Measurements

For these experiments the ion source geomet-
ries shown in Fig. 3 were used. The ion source
is elevated to a positive potential with the extrac-
tion electrode maintained at a negative voltage, to
increase the electric field in the region where the
space charge forces are greatest. Electrons,
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which are produced from the ionization of the
residual gas beyond the extraction field, neu-
tralize the positive ion beam in the drift region.
The neutralization is virtually complete outside
of the extraction region. The total positive ion
beam transmitted through the attachment canal of
the original source, Brooks et al”, as a function
of energy was measured and is shown in Fig.

2 (a). It was observed that the beam intensity,
as measured by a calorimeter, was unaffected by
the presence of gas in the attachment canal; thus,
results obtained without gas in the canal were
assumed to be applicable when the source was
used to generate negative ions. The geometry of
the extraction region was then scaled by a factor
of one-half, the plasma diameter being reduced
from 5 ¢cm to 2.5 cm. as shown in Fig. 2 (b). A
test at 30 keV with this geometry gave the same
transmitted current as the original configuration,
shown by the current point (b) of Fig. 3 and the
beam diameter was reduced by a factor of two.

A separate measurement of the beam divergence
confirmed that it was identical to the unscaled
source. For the beam current range shown in
Fig. 3, the beam current to return current ratio
of the source power supply was > 90% for all
geometries indicating negligible beam intercep-
tion on the extraction electrodes and small elec-
tron currents.

After the initial experiments with positive ions
using the one-half scale source, the diameter
and length of the canal were increased in the man-
ner of Fig. 2 (c}). The extended canal and the
gas baffle shown between the source chamber and
negative ion drift region were fitted to the beam
profile. The current transmitted through the
system after these changes is the curve (c) of
Fig. 3. It can be seen that at 30 keV the trans-
mitted current was increased by 50%. During
these tests it was observed that high frequency
beam modulation or "hash' drastically increased
the emittance of the beam, as well as reducing
the transmitted currents. Under proper operat-
ing conditions, however, the modulation depth
was < 5%.

An analyzing magnet was located after the gas
baffle, and the negative ions produced in the at~
tachment canal were focused into Faraday cage,
shown in Fig. 4. The attachment gas selected
was hydrogen because it gives the highest yield
and lowest scattering of H™ ions above 20 keV and
a satisfactory yield of He™ at 50 keV, the highest
practical voltages for the external supplies and
bushing.

The high intensity negative ion source which
has been described was incorporated into an in-
jector and tested with the Research Tandem,?
High Voltage Engineering Corporation. The ar-
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rangement of injector components is shown
schematically in Fig. 4 where it can be seen that
high speed differential pumping is used to remove
the gas from the ion source and exchange canal;
a low conductance baffle is used to isolate the
source region and the rest of the system.

The Diode Ion Source

Recently, several workers have reported a
high production of negative ions when these are
extracted directly from the source plasma with-
out the intermediate stage of charge attachment
from a positive ion beam. The most important
advantages of this technique are high intensities,
low beam ‘emittance and small energy inhomo-
geneity. The mechanisms used in the formation
of these ions are, possibly, dissociative proces-
ses induced by the electrons in the discharge.

A diode ion source has been developed at HVEC
using an intense low energy electron beam for the
generation of negative ions by dissociative capture
in a gas target followed by direct extraction of a
negative potential. A two-stage extraction system
with magnetic suppression reduced the electron
loading currents to negligible values. The pre-
liminary experiments showed that for the ion
species tested, Fig. 5, useful current levels were
obtained for tandem operation, with up to 600 pA
of H-. Helium was run in the source but no neg-
ative helium ions observed.

The emittance of the ion beam from the diode
source, described in the last section, has not been
measured. Experience with similar sources in-
dicates that for comparable currents the emit-
tance decreases by an order of magnitude below
that of beams from a collision attachment source.

Table I. Typical operating parameters of the
negative ion source system.
HZ He
Positive ion energy keV 30 50
Positive ion current mA 80 60

Negative ion current pA 700 3.0
180 100%

Target thickness, Hp pcm
Emittance of H] beam

rad cm MeVv1/2 . 0065 -—-
Energy spread of ion
source eV 50 ---
Total energy spread eV 82 ---
Source gas flow nl/s 15 -
Attachment gas flow pl/s 50 35
Neutral beam current
equiv, mA 56 -
Noise level in beam Do <5 <5

Target chamber

pressure 10-5torr 2.8 2.0
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Table I. {continued) 4. L. H. Branscomb, Chap. 4, "Atomic and
Molecular Processes"
-5 Ed. D.R. Bates Acad. P 1962
Drift region pressure 10 ~ torr .5 €8 fca ress 19
Source arc ‘iu;;e“t ‘:‘J ?zo 150 5. C. Moak, H.E. Banta, J.N. Thurston,
S arc voltage J.W. Johnson and R. F. King
ourcfe; pressure, 400 600 Rev. Sci. Instr. 30, 694 (1959)
arc o B K. W. Ehlers, B.F. Gavin, E. L. Hubbard
. Nucl. Instr. and Meth. 22, 87 (1963)
"Below equilibrium target conditions. G. P. Lawrence, R.K. Beauchamp, J. L.
McKibben, L.ASL
(to be published)
6. N.B. Brooks, P.H. Rose, A.B. Wittkower
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Fig. 3. (a) Unscaled negative ion system
geametry. (b) One-half scale geometry.
(c) One-half scale stepped canal geametry.
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Fig. 4. A high current tandem negative ion
injector schematic. (a) Duoplasmatron ion
source. {(b) 20" oil diffusion pump. (c) Gas
gttachment canal, (d) Gas baffle. (e) 20°
analyzing magnet. (f) 14" oll diffusion
pump. (g)Unipotential lens.
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Fig. 5. Analyzed negative ion species and cur-
rents of the direct extraction diode source.
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